ABSTRACT. Indigenous knowledge systems (IKSs) can, and do, contribute to natural resource management (NRM) in Australia and elsewhere. However, cross-cultural NRM and scientific research usually emphasizes particular components of IKSs, rather than engaging with the value of an integrated complex IKS. Focusing on two case studies of Aboriginal groups in the Kimberley region of northwestern Australia, we present a conceptual framework that represents how IKSs can manifest as a system of wetland management. The framework depicts how beliefs, knowledge, and practices are inter-related, forming a meaningful and organized approach in which indigenous Bardi Jawi and Nyul Nyul people historically managed, and aspire to continue managing nearby Customary Law-inherited wetlands. The framework presents a meso-scale representation of IKSs that highlights four management principles: custodianship, respectful use, active maintenance, and learning. We describe how affinities for these principles, vis-à-vis other indigenous groups, can also be discerned. Providing a visual framework tool has the potential to assist the application of IKSs to wetland management, and take account of the view that "wetlands need people," by emphasizing the active, integrated, and reciprocal nature of these knowledge systems in place (associated with traditional lands). That indigenous people value, as well as shape, wetlands, is also considered. By interpreting the framework to support indigenous wetland management (and services to ecosystems) within active cross-cultural work, IKSs promise benefits for people and ecosystems.
INTRODUCTION
Indigenous knowledge systems (IKSs) can, and do, contribute to natural resource management (NRM; Berkes et al. 2000 , Ens et al. 2015 if there are opportunities for indigenous people and scientists or NRM practitioners to undertake effective collaboration. Collaborative NRM often relies on integrating indigenous knowledge (IK) with conventional NRM practice and academic-inspired scientific knowledge (SK; Bohensky and Maru 2011) ; however, within these cross-cultural collaborations, the complexity of IK is not always fully realized (Muller 2012) . Projects within the natural sciences, for instance, involve components of IKSs that might complement conventional perspectives but sometimes preclude other dimensions of IK from consideration (Barbour and Schlesinger 2012) . Notably, conceptual frameworks methodologically driven within the complexity of IKSs, while remaining relevant to NRM, are canvassed by Holmes and Jampijinpa (2013) and Walsh et al. (2013) . Generated through extensive fieldwork with two Australian Aboriginal, or indigenous, groups, our discussion offers a conceptual framework that highlights (particularly to wetland ecologists and managers) how multiple and interacting dimensions of IKSs relate to enduring wetland management.
The framework adopts a meso-scale perspective, identifying a link between complex and nonbinary or oppositional macro-and microconceptual scales, similar to those outlined by Walsh et al. (2013) and Holmes and Jampijinpa (2013) . Macro-scale analyses provide all-encompassing definitions, conceptualizations, and applications of IKSs (e.g., Gadgil et al. 1993 , Berkes et al. 2000 . For example, Berkes and colleagues liken IK-based practices and associated institutions to adaptive management and systems of logic that can inform or improve conventional NRM (Berkes et al. 2000, Berkes and Berkes 2009) . Microscale analyses tend to focus on specific species or places, an approach often adopted in natural science research related to ecosystem management, as well as the social sciences, such as in ethnographic research. Certain microscale analyses within wetland management research have investigated components of IK pertaining to a particular species or wetland function (Calheiros et al. 2001 , Silvano et al. 2008 , Hallwass et al. 2013 , Liedloff et al. 2013 , Jackson et al. 2014 , indicators of wetland condition (Ens et al. 2010 , Gratani et al. 2016 , and the application of specific management techniques (Kusabs and Quinn 2009, Gratani et al. 2011) . In contrast, mesoscale analyses emphasize not only components of IK, but also how these are generated from, and related to, beliefs, practices, and cultural or social institutions. Such integrated analyses engender new ideas for water management that involve local human action and better incorporate the cultural and social dimensions of water/human engagement, such that macro-and microconceptual scales are more clearly linked within a place (see Singh 2006 , Rea and the Anmatyerr Water Project Team 2008 , Noble et al. 2016 .
Ecology and Society 23(3): 43 https://www.ecologyandsociety.org/vol23/iss3/art43/ Table 1 . Some Bardi Jawi and Nyul Nyul terms for freshwater and terms used in this paper (for Bardi Jawi words see Aklif 1999).
Language group Term Definition
Bardi Jawi biidin A source of freshwater in the ground accessed by digging a hole in beach sand, often above the high tide mark within dune swales. Sometimes referred to as wells or waterholes. booroo Home territory, country oola Freshwater oomban A source of freshwater accessed by digging a hole in beach sand below the high tide mark. Sometimes referred to as soaks. oongoor Freshwater (rain) that collects on rocks raya Spirit child Nyul Nyul nigilbuninj Freshwater eel (Anguilla bicolor)
Holmes, Jampijinpa, and others (e.g., Dwyer 2012 , Comberti et al. 2015 emphasize that IKSs are characterized by an ethic of reciprocity in which the actions of humans and nature are "... understood to support the healthy functioning of the other" (Holmes and Jampijinpa 2013) . By incorporating beliefs, knowledge, practices, and institutions, and their interactions, a meso-scale analysis of an IKS can express this reciprocal relationship (Holmes and Jampijinpa 2013, Walsh et al. 2013) . Associated with this reciprocity, IKSs also relate to developing NRM concepts such as "services to ecosystems," in which indigenous people's activities are recognized for their contributions to maintaining and enhancing ecosystems (Comberti et al. 2015) . Given that in Australia and elsewhere, indigenous people's practices have maintained and enhanced wetlands (Humphries 2007 , McGregor et al. 2010 , Verzijl and Quispe 2013 , Barber and Jackson 2014 , we emphasize the reciprocal relationship that exists between Aboriginal people and these ecosystems.
A meso-scale conceptual framework has the potential to bridge the natural and social science disciplines, including via use of ethnographic methods (Strang 2009a) . For example, rich ethnographic accounts of Australian Aboriginal freshwater perspectives offer distinctive and potentially productive ways to conceptualize the management of wetlands and associated species or threats (e.g., Young 2006 , Toussaint 2014 . Although ethnographic data is becoming increasingly familiar to practitioners of applied scientific methods, this is not always or consistently the case according to Strang (2009a) . A challenge therefore exists: to depict qualitative information on IKSs in a way that is complex yet comprehensible to all researchers (Strang 2009a) , including NRM practitioners and scientists (also see Gratani et al. 2011) . Conceptual frameworks, such as those generated by Walsh et al. (2013) and Holmes and Jampijinpa (2013) , distill complex information into a simple visual format to aid scientists and NRM practitioners to better comprehend IKSs and how they relate to an environmental management issue. Extending from Walsh et al. (2013) and Holmes and Jampijinpa (2013) who focus on plants and threatened species management, respectively, our emphasis is wetland management with a view to contributing to those working in wetland-related cross-cultural collaborations in northern Australia and parallel settings (see Crook et al. 2016) .
Wetlands are of high conservation value across northern Australia, although threatened by water resource use and other pressures (Pusey 2011 , Close et al. 2012 ) and, as we make plain, central to the beliefs, practices, and knowledge of Aboriginal groups (Toussaint et al. 2001 , 2005 , Jackson and O'Leary 2006 , Langton 2006 , Yu 2006 , Strang 2009b . Aboriginal people believe that the earth's landscapes and life forms were (and are) generated by ancestral figures (creator spirits) during the inception and continuity of the Dreaming (as indigenous religion and law is often described in English, although with language-specific descriptors belonging to different groups). These creator spirits came to rest within landforms, many within wetlands (Toussaint et al. 2001 (Toussaint et al. , 2005 . Affiliated with these and other metaphysical forces, wetlands are often considered significant cultural sites, and provide places of ceremonial, economic, historical, and recreational importance. Many Aboriginal groups express an obligation to care for wetlands, which can comprise symbolic and practical activities.
The Bardi Jawi and Nyul Nyul peoples are two Aboriginal groups who, like others across northern Australia (Jackson et al. 2005) , seek to protect wetlands on their traditional lands, or "country." With their affiliations with tracts of country lying adjacent on the Dampier Peninsula, west Kimberley region of northwestern Australia (Fig. 1) , the Bardi Jawi and Nyul Nyul peoples host indigenous ranger teams that conduct cultural and natural resource management, supported by the peak regional Kimberley indigenous body, the Kimberley Land Council. Both ranger teams aim to protect, maintain, or enhance the condition of wetlands on their respective countries using both their own IKSs and SK (see Oades and Meister 2013 , NAILSMA 2014 , Dobbs et al. 2016 . Bardi Jawi people refer to wetlands as "...traditional Oola (water) places" (Oades and Meister 2013:37) , a nomenclature that has been adopted in this article as "water places" and used interchangeably with wetlands. Both groups recognize water places that are associated with surface and ground water (for example see Pettit et al. 2016) , many of which are individually named (see Aklif 1999 , Dobbs et al. 2016 , with local terms for freshwater species and places also still used (Table 1) .
As with indigenous groups across Australia and elsewhere, the Bardi Jawi and Nyul Nyul societies have undergone significant transformation since colonization (see Choo 1997 , McGregor 2003 , Glaskin 2007 Elkin 1933 , Smith 1984 , Bowern 2009 ), some of which now comprise outstations. Through two case studies with the Bardi Jawi and Nyul Nyul peoples, a conceptual framework that depicts how each groups' IKS relates to wetland management ( Fig. 2) has arisen. After a brief discussion of methods, the conceptual framework is explained, comprising three central beliefs, four principles, and multiple related elements. The beliefs (inner blue circle, Fig. 2 ) describe the nature of human-wetland relationships as perceived by Bardi Jawi and Nyul Nyul participants. The four principles (orange circles) include custodianship, respectful use, active maintenance and learning. We discuss how, through these beliefs, principles, and their expressions (captured as elements, the white circles), Bardi Jawi and Nyul Nyul people engage in a system of wetland management that has purpose and structure, with similarities to systems engaged in by other indigenous groups. We lastly discuss how, through the lens of wetland/human agency, interactions, and cultural management, these groups offer services to ecosystems that potentially generate positive outcomes for both people and wetlands.
METHODS
Addressing the concerns of indigenous and nonindigenous scholars Ruddle 2010, Barbour and Schlesinger 2012) , and national and regional ethical policy (AIATSIS 2011 , KLC 2011 , the research process relied on scientific rigour alongside a benefit for participants, and a contribution to knowledge.
Research collaboration between the lead author (MP) and indigenous ranger teams facilitated these objectives, with the Bardi Jawi Rangers (men), Bardi Jawi Oorany ( Interview transcripts, detailed notes from meetings, and observational field notes made up three data sources for content analysis. Also, all Nyul Nyul and Bardi Jawi words were compiled in a glossary and defined based on available literature, particularly drawing upon Aklif (1999) for Bardi Jawi. Content analysis is a method for the systematic interpretation of patterns within or characteristics of a text (Neuendorf 2002) , used in our research to investigate how indigenous knowledge relates to wetland management. All data were entered into NVivo software (QSR 2016) and coded according to six main themes and related subthemes (Table 3 ). The coding frame (Table 3) emerged by working with Aboriginal coresearchers and participants, and their contributions, to see what was important within their cultural frame, while also being informed by literature on IKSs. Initially MP identified themes arising from the data and corroborated these against IKS literature to develop a broad coding frame (Table A2 .1). The coding frame included factual knowledge, management systems and use, and beliefs/worldviews (about wetlands), reflecting three categories of IKSs recognized by some social researchers (see Leonard et al. 2013 ). The fourth code, "learning process," reflected indigenous ways of generating and sharing knowledge that are considered within IKS literature https://www.ecologyandsociety.org/vol23/iss3/art43/ 
as underpinning IKS maintenance (e.g., Berkes et al. 2000) . Over time analysis using the broad coding frame, including collaborative analyses, revealed frequently mentioned themes and subthemes that directly related to wetland ecosystem management, and that became the final coding frame used in this research (Table 3) . After coding MP developed a draft conceptual framework to express the interconnection of themes, which encompassed beliefs, practices, knowledge, and institutions relating to Bardi Jawi-and Nyul Nyul-wetland interactions. Throughout data analysis, and emphasizing our collaborative research approach, Aboriginal participants and coresearchers contributed to developing coding frames, interpreting data, and reviewing and representing findings. Collaborative analyses included formal activities and meetings with ranger teams, the participatory reviews, and various informal opportunities.
The rangers' ongoing collaboration with MP living locally facilitated multiple opportunities for interaction and reflection on both general project progress and developing findings. Formal methods included MP and the BJO Rangers analyzing and discussing themes arising from a subset of the first Bardi Jawi interviews. On several occasions rangers copresented with MP at conferences, stimulating collaborative development and refinement of communications about the research findings (presentations), including a review of the conceptual framework, also facilitating clarity of process and the required etiquette for sharing indigenous knowledge in public realms. Similarly, each ranger team collaboratively reviewed drafts of this paper. Also, several Bardi Jawi elders (coauthors) acted as cultural mentors, providing feedback on the project, e.g., methodological process, and iterative findings, e.g., themes for the participatory review and drafts of the conceptual framework and this paper. Hence, although the conceptual framework has been primarily interpreted and communicated by MP as lead researcher, feedback from participants and indigenous ranger and elder coresearchers has consistently contributed to and validated research findings.
Participatory action research (PAR) seeking to generate positive research experiences, benefit participating indigenous groups and build the capacity of all involved Woodward 2013, Woodward and Marrfurra McTaggart 2015) informed the research methodology. With their foundations in decolonizing research, participatory approaches attempt to break down embedded power imbalances that privilege conventional paradigms within cross-cultural work Stevens 2010, Tuhiwai Smith 2012) . To position indigenous perspectives, knowledge, and preferences as central to this project's design, indigenous participants and coresearchers contributed to its conception, planning, implementation, and dissemination of findings (see Adams et al. 2014), as already described. Tangible benefits for research participants included a hardcover book containing photos and summarized interviews, plus the ranger groups paid participants for their contributions according to the research aligning with local work plans. The books (including drafts circulated among participants for their review), depicting photographs, maps of site locations, and summarized interviews, also helped participants to better understand the purpose of the research, enhancing their informed consent, catalyzing more feedback, and improving research accountability. By engaging rangers as coresearchers we sought not only to document indigenous knowledge but also build ranger team capacity for independent research and management of wetlands in a way that engages with their communities and their knowledge systems.
RESULTS
Here we present and describe the key beliefs (inner blue circle, Fig. 2 ), principles (orange circles), and their expression (white circles) that make up the conceptual framework depicting the Bardi Jawi and Nyul Nyul wetland management system (Fig. 2) . We first describe three beliefs; country has agency, country is related to people, and country needs people, which provide a foundation for understanding human-wetland relationships and interactions. We next describe four principles; custodianship, respectful use, active maintenance, and learning, including some of the ways in which these principles are expressed, through which beliefs are embodied and enacted within human-wetland interactions. Last, we explore how, through these beliefs, principles, and their expressions the Bardi Jawi and Nyul Nyul people engage in a system of wetland management that has purpose and structure.
Beliefs underlying human-wetland relationships

Country has agency
In simple terms, "country has agency" means that country can take independent action. This was evident through participants' belief that the supernatural forces that compose country can react positively and negatively to the actions of humans. Fundamentally, participants believe that country intentionally provides for people, both the traditional owner family group (those with specific cultural affiliations to an area) but also to any human, as one elderly Bardi Jawi woman explained in relation to a biidin (see Table 1 ): "Spiritually the water was there to look after our thirst. We believe it was there for us to use and benefit."
However, this act of giving is contingent on respectful and appropriate human behavior. For example, Bardi Jawi participants explained in relation to groundwater sources (biidin and oomban, see Table 1 ) that country will provide freshwater (that is, good quality water can be found in the ground) if people behave with respect and refrain from actions such as loud and https://www.ecologyandsociety.org/vol23/iss3/art43/ The agency of country is particularly evident at powerful water places, described by both Bardi Jawi and Nyul Nyul participants as those places associated with ceremonial (law) grounds or creator-spirits. People are prohibited from entering several of these areas (unless under the direction of senior law men), whereas at others particular acts are prohibited. As described by a Nyul Nyul Ranger, these sites can inflict harm on humans who wrongly enter them or carry out a prohibited act: Other sites are associated with raya (spirit-children), which can choose to hide water or make it unavailable, unless visitors act respectfully and according to cultural protocols.
Nyul Nyul participants described two other elements of country that are involved in the ongoing creation and health of springs.
Four participants cited one wetland as being particularly important to Nyul Nyul country. They described how a creator spirit resides in this spring and the spring provides the spiritual source of health of the surrounding water places. Also, most Nyul Nyul participants recognize the role of nigilbuninj (freshwater eel or Anguilla bicolor) in the creation of new springs. Nyul Nyul participants discussed how historically their elders enforced restrictions on nigilbuninj fishing, to avoid overfishing and any impact this might have on spring creation. Although no longer a primary food source, nigilbuninj is still considered central to spring creation. Thus, for Nyul Nyul people, a healthy spring ecosystem rests on the presence, condition, and actions of (at least) one key wetland and nigilbuninj.
Country is related to people Bardi Jawi participants described direct (custodial) relationships existing between water places and particular individuals or family groups. The most commonly discussed were genealogical or ancestral links to a booroo. That is, an individual is connected to the same country (and water places) as their parents, grandparents, and so on, as described by a senior Bardi Jawi woman in relation to an oomban: "It belong[s] to us, the old people ... Mum was the last one left, passed on, the water is still there, left it for us, grandkids, future kids."
Relationships also exist between people and spirits, some belonging to ancestors that have passed away, their spirit returning to reside in their country. These spirits, often referred to as "old people," can respond favorably to the presence of their descendants on country, or even to the presence of any person who engages in respectful use and other appropriate behavior, for example, engaging with correct access protocols/rules and active maintenance practices. Many participants also described a responsibility to act respectfully toward their entire language group's country, as expressed by a Nyul Nyul Ranger On the other hand, several participants explained that changes to country are not necessarily permanent; if traditional owners return to country it may rejuvenate even without any specific action by its owners. Bardi Jawi and Nyul Nyul elders sometimes described genealogical site linkages to younger rangers during visits, explaining connections between individuals and places. Participants emphasized that permission for physical site management (such as digging waterholes), must be granted by traditional owners. More broadly, however, both Bardi Jawi and Nyul Nyul participants described a custodial responsibility for water places beyond their family-affiliated territories/booroos to encompass the entirety of their respective language groups' country.
Principles guiding wetland interactions
Meaningful and knowledgeable relationships between people and water places were also expressed outside custodianship. Changing lifestyles have provided Nyul Nyul and Bardi Jawi people with different opportunities to interact with water places over time.
For example, many elders interviewed grew up in one of several religious missions that operated in the region throughout the 1900s. During mission-life, some elders, particularly women, were prevented from travelling distances but permitted visits to nearby water places. Conversely others, including men engaged in the rounding up of cattle, travelled widely across the Dampier Peninsula and visited many water places. As such, some Bardi Jawi and Nyul Nyul participants chose to visit and speak about water places on another person's country, if they felt more familiar and knowledgeable about that place. However, these individuals did not claim custodial/traditional ownership.
Respectful use
Senior and elderly participants desire that new generations continue to know about, use, and maintain water places in a respectful way. Bardi Jawi and Nyul Nyul elders described that respect is initiated when individuals approaching a site introduce themselves to the water place, generally verbally, but also through their touch, such as placing a hand on the ground. Individuals are also expected to abide by norms and rules about restricted areas and prohibited activities. Other efforts that were described or observed by MP included avoiding "humbug" around water places, such as children misbehaving, complaining, or yelling, or adults littering. Abiding by custodianship protocols was also important, including seeking permission from traditional owners before visiting or making physical changes at a water place. One ranger also described a broader concept of respect that involved retaining and using cultural knowledge and language.
Many Bardi Jawi and Nyul Nyul men and women described visiting and using water places when travelling for fishing, camping, hunting, or gathering bush foods, particularly during school holiday times. Some participants referred to these customary activities as the "right way" to use country, as explained by a senior Bardi Jawi woman:
Interviewer The elderly Nyul Nyul man referred to earlier stressed that, in the past, the use and management of country was "automatic" in the sense that cultural beliefs, behaviors, and ideas were so central to everyday life that they required no planning or forward thinking. In his view, it is clear that country will decline and be unproductive without the human enactment of necessary cultural activity to sustain it. He lamented the major cultural shifts he had observed that mean young people are now engaged in other pursuits, particularly making money, rather than living more directly from country, and perceived little chance of reviving past ways of life. Water places are no longer relied upon for survival. Some water places are not currently used and others are used less so, or differently, to the past. Despite this, we observed or learned that many water places remain in regular use. Both elders and younger participants desire that the use of some (disused or underused) water places be rekindled, such that freshwater is available for humans and animals, and such that their active use and maintenance enacts respect for the metaphysical beings (such as spirits of ancestors) associated with these places.
Active maintenance
Bardi Jawi and Nyul Nyul participants, particularly senior and elderly people, described methods of maintaining or "cleaning" wetlands that were practiced in the past, and, at some locations, continue within the context of social and environmental change in the present. Controlling plant growth inside and around some ground and surface water places, e.g., water holes and springs, either by physically pulling out riparian or aquatic plants, or using small fires was among the spectrum of activities, having the purpose of maintaining water flow, quality (temperature, clarity, taste) of drinking water sources, and cleaning water sites. After wetland cleaning stopped, some water places have become overgrown with plants, with some sites construed as unclean, as explained by an elderly Nyul Nyul traditional owner: Examples of present day water-place management include efforts by ranger teams to dig out and remove built-up sand within groundwater wells to maintain access to groundwater, and strategic burning to prevent wildfires destroying riparian vegetation. Catalyzed through this research, the Bardi Jawi Rangers also facilitated custodians (a traditional owner family) to visit and clean up one wetland that was perceived to be overgrown with vegetation.
Learning about wetlands
Types of important knowledge about water places encompass interrelated domains pertaining to the physical environment, institutions, and metaphysical and ethical dimensions, including cultural rules. The physical environmental dimension includes knowledge about the following: plant and animal species that live in and around wetlands, and have a myriad of cultural uses and values; the names, location, characteristics, and functioning of water places; and knowledge of how to find freshwater in an unfamiliar environment. Institutional knowledge includes an understanding of family structures or genealogies, through which individuals are associated with particular countries and therefore wetlands, and related cultural protocols for respectfully accessing sites. Metaphysical and ethical knowledge relates to the presence of spiritual beings, the location of sacred wetlands that cannot be accessed, or rules relating to whether visitation or certain activities are prohibited.
Bardi Jawi and Nyul Nyul participants described different ways and contexts in which they have been educated about water places. Many participants learned about the location and use of water places through family members, in particular during school holiday periods. After the advent of formal schooling, initiated Ecology and Society 23(3): 43 https://www.ecologyandsociety.org/vol23/iss3/art43/ by religious missions, both Bardi Jawi and Nyul Nyul people would send their children back to country for school holidays, often to spend time with grandparents. Families spent school holidays fishing, camping, and generally living on country, including using, and teaching children about, water places. During time spent on country or otherwise, stories shared can also convey important information about wetlands. Employment that facilitates time on country also provides opportunities for learning. For example, several male participants learned about and used water places while travelling with elder family members to round up cattle. The ranger program provides a contemporary context within which rangers and other members of the Bardi Jawi and Nyul Nyul communities can engage with wetlands either through research (such as this project) or specific management activities. Participants from both groups also described how new freshwater places can be learned about by observing environmental cues.
DISCUSSION
Bardi Jawi and Nyul Nyul people have an organized and skilled way of understanding wetlands and their treatment, which can be construed as culturally specific systems of wetland management. Particular practices, institutions, and norms vary, being rooted in culturally specific knowledge, beliefs, practices, and language, and different environmental contexts. Therefore one indigenous group's wetland management system is specifically associated with that group's ancestral lands and cultural system, and cannot be generalized and applied elsewhere. However, there are conceptual similarities in how Bardi Jawi, Nyul Nyul, and other indigenous people's interacting beliefs, practices, and knowledge manifest to guide the purpose and organization, and related learning, about wetlands and their management.
Although conventional (academic science-based) ways of managing wetlands are well known (see, for example, Boulton et al. 2014) , parallel indigenous systems are not. By making these systems, their elements, and their interconnections explicit, the Bardi Jawi and Nyul Nyul framework potentially facilitates greater engagement with the complexity of IKSs within wetland management. By linking Bardi Jawi and Nyul Nyul systems of logic (macro-scale) with water places, including some of the plants and animals within them (microscale), the framework offers an intermediary (meso) scale particularly relevant to understanding the ideas and practices underlying wetland management. We subsequently expand on the purpose or meaning, organization, and systems of learning underlying Bardi Jawi and Nyul Nyul wetland management, reflecting on similarities with other indigenous nations. Understanding such features could contribute to the deep reflection required within cross-cultural collaborations to generate a more complex and inclusive understanding and practice of wetland management (see Rogers et al. 2013) . Adding to this, we also consider how indigenous wetland management shapes ecosystem services and, finally, offer ideas for interpreting the framework to further research into indigenous and collaborative wetland management.
The meaning of indigenous wetland management
The concept of wetland management has multiple meanings for Bardi Jawi, Nyul Nyul, and other indigenous groups, relating to physical, social, and metaphysical dimensions of these ecosystems. Through various practices and activities, Bardi Jawi and Nyul Nyul people seek to facilitate wetland productivity and cultural opportunities (as in Tipa and Nelson 2008) , while respecting and satisfying the metaphysical dimensions and social structures affiliated with country. Studies of Aboriginal values of freshwater consistently describe traditional owner obligations to undertake practices that simultaneously engender respect for metaphysical beings and promote particular wetland characteristics, processes, biota, and functionality (e.g., Strang 1997 , Yu 1999 , Toussaint et al. 2001 . In contrast, studies in India (Singh 2006) and New Zealand (Kahui and Richards 2014) relate indigenous wetland management to a rational, rules-based approach to meeting resource requirements. However, Singh (2006) concludes that indigenous Indian water management is not purely based on rational assessments of material or economic costs, benefits, and need. Rather, it is "...a mechanism to maintain and reinforce the cosmological constructions linking natural, supernatural, and social orders through water" (Singh 2006:364) . Similarly, in New Zealand, Kawharu (2000) contends the distinguishing feature of Maori environmental management is its "...structural principle which weaves together a triadic relationship between human beings, their environment and the spiritual realm" (Kawharu 2000:367) . It is this indivisibility of the cultural, social, philosophical, and intellectual from the physical elements of IKSs that also characterizes Bardi Jawi, Nyul Nyul and other indigenous people's paradigms of wetland management (Langton 2006 , Lansing 2007 , Strang 2009b ).
Practical indigenous efforts to manage wetland processes, biota, and functionality also have a physical, social, and metaphysical purpose. For example, historically Nyul Nyul people placed harvest restrictions on freshwater eels, a valued food source, to avoid their exploitation. Although harvest restrictions supported long-term resource availability, this action may have also helped to maintain an environmental balance in which eels are culturally associated with the regeneration of springs. Cleaning wetlands to maintain accessibility and water quality, alongside the value of sustaining and enacting traditional beliefs and practices within the context of cultural and environmental change to ensure lands and waters are protected, is widespread across Australian Aboriginal groups (Rea and the Anmatyerr Water Project Team 2008 , Walsh 2008 , Jenkin et al. 2009 , McGregor et al. 2010 , Preuss and Dixon 2012 . The primacy of satisfying the metaphysical dimensions of country means that some Aboriginal activities construed as management are not akin to conventional activities. Principally, Aboriginal management requires the active presence and respectful use of country through hunting, fishing, use of materials, ceremonial activities, and so on. According to Strang (1997) the significance of these activities is the re-enacting of traditional lifestyles that began with creator-spirits, which one Bardi Jawi woman described as using country the "right way" and a Nyul Nyul man described as "automatic." Although Aboriginal groups continue to grapple with historical and ongoing cultural change, and many ways of maintaining wetlands have declined or changed (for example, see Walsh 2008) , Bardi Jawi, Nyul Nyul, and others (e.g., White et al. 2011) wish to see some practices strengthened or revitalized. Many such practices are communal, involving multiple members of a clan or family that reflect custodial structures and a type of management organization. https://www.ecologyandsociety.org/vol23/iss3/art43/ The organization of indigenous wetland management Indigenous land (and wetland) management operates at different scales, with individuals, families, and groups or clans holding responsibility for the management of specific wetlands. At a broad level, Kimberley Aboriginal groups express collective responsibilities for wetlands within the country that is affiliated with their language or tribal group as a whole (e.g., Yu 1999, Barber and Rumley 2003) . Within this collective perspective, finer-scale expressions of custodianship also arise. For example, within their native title area, Bardi Jawi families have affiliations with, and responsibilities for, their booroos and the wetlands within them. Within Bardi Jawi family groups decision-making authority for wetland management activities is then further delegated to particular individuals. Similarly, smaller areas within Nyul Nyul Country, including wetlands, are affiliated with particular traditional owner family groups or individuals. In another example, for the Aboriginal people of the La Grange area in the south Kimberley, jila (permanent water places) belong to senior lawmen, who hold the responsibility and knowledge for their maintenance (Yu 1999) . Such spatial organization and affiliated custodial responsibilities existed among Aboriginal groups Australia-wide prior to European settlement (Strang 2009b , also see Langton 2006) .
Social structures underlying wetland management exist and have meaning outside of Australia. For example, in British Columbia, Canada, Haggen and colleagues describe how indigenous stewardship of salmon relies on "nested tenure systems" (Haggen et al. 2006:19) . Family groups and individuals within clans conducted fine-scale management of rivers and tributaries to maximize fish productivity, with the tenure system endowing both resource access rights and responsibility for management (Haggen et al. 2006) . Maintaining systems of rights and responsibility for the use and management of wetlands relies on learning a broad knowledge base.
Learning about wetland management
The interlinking of active wetland maintenance with beliefs, ethics, and custodial structures requires maintaining knowledge pertaining to physical, metaphysical, and social realms. Ways of learning and sharing knowledge are common across the Kimberley region. Knowledge is gained, for example, through observing environmental phenomena, spending time with family on-country in practical customary pursuits, learning from others through stories, engaging in ceremony, and received in dreams (Toussaint et al. 2001 (Toussaint et al. , 2005 . Most of this learning relies on direct interaction with the environment or gaining knowledge from family and other members of the community, systems of education that also exist within other indigenous communities (Rea and the Anmatyerr Water Project Team 2008, PaniaguaZambrana et al. 2016) .
The transition of indigenous groups away from customary ways of life to mainstream lifestyles (such as living in towns and participation in formal systems of education and economy) has altered engagement in cultural education systems (Strang 1997 , Reyes-García et al. 2014 . For example, research with indigenous peoples of South America found that formal schooling (ReyesGarcía et al. 2010) , lowered dependence on traditional resources, and exposure to new technology (Paniagua-Zambrana et al. 2016) were associated with the loss of some types of cultural knowledge among younger generations. However, despite significant lifestyle changes Bardi Jawi, Nyul Nyul, and other indigenous groups have embraced new opportunities to share and maintain knowledge about wetlands. Economic activities that foster continued application of cultural skills can facilitate knowledge maintenance (Goodall 2008) . Indigenous NRM offers opportunities for indigenous people to engage with, apply, and revitalize IKSs as it relates to wetland management (e.g., McGregor et al. 2010 , Dobbs et al. 2016 . However, many projects fail to engage with the full complexity of IKSs and, instead, perpetuate conventional knowledge systems (Howitt and SuchetPearson 2006 , Barbour and Schlesinger 2012 , Muller 2012 . Maintaining IKSs can benefit indigenous knowledge-holders (Reyes-García et al. 2010) , but also has important potential environmental benefits (Ens et al. 2016) . Evident through the Bardi Jawi and Nyul Nyul conceptual framework is that wetlands not only support ecosystem services of importance to traditional owners, but that those groups also shape ecosystem characteristics, providing "services to ecosystems" (Comberti et al. 2015) .
Promoting indigenous wetland management and "services to ecosystems" Ecosystems, including wetlands, provide vital services, or benefits, to humans (Boulton et al. 2014 , Bark et al. 2015 ; however, Comberti et al. (2015) argue that equally important are the services provided by humans to ecosystems ("services to ecosystems" or S2E). Similarly, the Ramsar Convention on Wetlands (Ramsar Convention) recognizes that indigenous people's practices and activities can contribute positively (and also negatively) to maintaining wetland ecological character, including ecosystem services (Pritchard et al. 2016) . The Bardi Jawi and Nyul Nyul framework exemplifies both ecosystem services and S2E. For example, wetlands provide ecosystem services such as drinking water, valued food species and materials, and places and species that are central to cultural beliefs and identity. In turn, Bardi Jawi and Nyul Nyul people's interactions with and management of wetlands potentially enhance the availability of surface water sources, improve freshwater quality, and enhance aquatic heterogeneity and productivity.
That indigenous wetland management can shape both S2E and the quality of ecosystem services has important implications for conservation and human well-being. Ecosystem services include those that sustain biophysical systems necessary for human life (provisioning, regulating, and supporting services) and those that sustain nonmaterial benefits (cultural ecosystem services) including cultural identity; aesthetic, heritage, and spiritual values or experiences; inspiration; recreation and tourism; social relations; and knowledge systems (Millennium Ecosystem Assessment 2005 , Chan et al. 2011 . Indigenous people's management of, or services to, wetlands can contribute to sustaining desired cultural ecosystem services (as we have demonstrated) as well as biophysical ecosystem services that can enhance ecological outcomes such as biodiversity conservation (McGregor et al. 2010 , Hankins 2013 ). For example, in different parts of southeastern Australia, Aboriginal people historically modified wetlands to regulate or augment eel populations that were a valued food species (Lourandos 1980 , Builth et al. 2008 . In another example, indigenous alpaca herders of the Central Andes, Peru, use irrigation techniques to maintain and expand https://www.ecologyandsociety.org/vol23/iss3/art43/ wetland areas and support their herds, with their practices sustaining around 40% of their locality's biodiverse, high altitude wetlands (Verzijl and Quispe 2013) . Encouraging or supporting indigenous groups to enact or revitalize S2E and enhance ecosystem services may generate new, or strengthen existing, human-ecological benefits (Moritz et al. 2013 , Verzijl and Quispe 2013 . Maintaining the health, integrity, and continuity of IKSs therefore becomes central to ecosystem condition (Comberti et al. 2015 .
Bardi Jawi and Nyul Nyul people's ways of managing wetlands, as highlighted through the conceptual framework (Fig. 2) , constitute a system that differs from, and coexists alongside, conventional perspectives (see Nursey-Bray and Arabana Aboriginal Corporation 2015) . Beyond the significant, often traumatic, changes wrought upon many colonized indigenous societies is their challenge to simultaneously engage with specific local and mainstream social and cultural systems. For example, the shift from living around wetlands and relying on their use for daily survival to, for many Bardi Jawi, Nyul Nyul, and other Aboriginal people, living in towns and engaging with modern economies, precludes much "automatic" daily wetland use and maintenance, and related opportunities for direct and incidental in-situ learning. However, in the context of cultural and environmental change wetland use continues and, as we have discussed, expectations remain that wetland management principles and their expressions (Fig. 2) are continued, strengthened, or revitalized. Collaborative wetland management and research offers the opportunity to better understand related benefits for both people and ecosystems, and effectively support indigenous wetland management. Interpreting the conceptual framework offers a first step in identifying how collaborative wetland research or management can be more fully informed by, and engage with, complex Bardi Jawi, Nyul Nyul (or other indigenous) knowledge systems. By generating or guiding questions and conversations the conceptual framework could help nonindigenous project partners to learn about their indigenous coresearchers' knowledge system. From a basis of mutual understanding, many opportunities then exist for indigenous beliefs, knowledge, and practices to shape collaborative wetland research and management activities.
Principally, the conceptual framework demonstrates that wetlands cannot be viewed as ecosystems isolated from humans, but as places intimately related to custodial individuals and families. Respecting these custodial institutions and related protocols would elevate custodians (individuals and families) as project partners, requiring attention to their aspirations, practices, and theories for ecological work and appropriate human-wetland interactions, as well as their active participation (e.g., Rea and the Anmatyerr Water Project Team 2008 , Fox et al. 2017 . Past (and ongoing) custodial use and management likely represent an important ecological influence (for example, see Humphries 2007) , with indigenous people's recollections of historical wetland condition and character potentially revealing important reference conditions, which may only be recreated through local scale Aboriginal practices or direction. Upon respectfully interpreting past (and continuing) active maintenance practices, such practices could be supported, aided by empirical research to assess humanecological outcomes using both standard quantitative measures as well as appropriate qualitative methods (e.g., Tipa Muller 2012 , Londono et al. 2016 . All of these efforts would benefit from ethnographic studies to provide a foundation for communication between indigenous and nonindigenous project partners (Jackson and Douglas 2015) . Further research could also inform how respectful use of wetlands fosters the continuation of wetland management principles (Fig. 2) and S2E. In this regard, others have found that customary use of natural resources is directly linked to maintaining cultural knowledge, institutions, and biodiversity (e.g., Singh et al. 2013 , Ligtermoet 2016 , Paniagua-Zambrana et al. 2016 .
Full engagement with IKSs requires a significant investment in collaborative efforts and a potential transformation of standard research methods (see Hill et al. 2012 , Tengö et al. 2017 . Factors in our research encouraging fruitful collaboration that others have also found important included extended research timelines (at least three to four years), regular activities and dialogue on country (at wetlands), and a strong and positive commitment by both nonindigenous and indigenous research leaders (see Woodward and Marrfurra McTaggart 2015) . Importantly for MP, living and participating in local community life for four years gradually enabled her own personal knowledge transformation to comprehend IKSs (as in Gratani et al. 2011 ).
Overall, the holistic, active, and integrated nature of IKSs and associated practices must be recognized and respectfully adapted within ecosystem management (Turner et al. 2000 , Horstman and Wightman 2001 , Bark et al. 2015 . Such indigenous knowledge systems offer (at least) the potential for multiple evidence-based approaches to wetland management challenges (as in Tengö et al. 2014 ), but also the potential for a more fundamental reexamination of the principles that can foster enduring, sustainable human-wetland relationships.
CONCLUSION
Substantial research that involved the Bardi Jawi and Nyul Nyul peoples demonstrate that, as with others living in parallel circumstances, each group engages in specific systems of wetland management within the context of continuity and cultural change. Similarities in the purpose, organization, and ways of learning about wetland management exist among indigenous groups worldwide, although specific expressions (practices, norms, cultural institutions, etc.) differ. IKSs, shown here as a system of wetland management, should be viewed as complex conceptual and active paradigms in which physical, social, and metaphysical realms are highly integrated as a means to both activate and benefit ecosystems.
Evidence points clearly to cross-cultural wetland research and management prospering when active and respectful engagement with all aspects of indigenous systems of wetland management occur. The Bardi Jawi and Nyul Nyul conceptual framework provides a visual tool for communicating to scientists and NRM practitioners how IKSs relate to managing wetlands. The framework described may not only assist Bardi Jawi and Nyul Nyul people to negotiate for their own interests, perspectives, and strategies in managing wetlands, but other wetland communities as well. 
